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Introduction
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, we provide some discussion on the SRI/TPMI enhancements on the 8Tx uplink transmission.

Codebook based
Fully-coherent codebook
In the previous RAN1 meetings [2]-[4], the following agreements have been achieved on Rel-18 UL 8Tx fully-coherent codebook.
	Agreement
For a fully coherent uplink precoding by an 8TX UE, 
 [bookmark: _Hlk142401358]Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Conclusion
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.




The Rel-15 single panel DL Type I codebook has been agreed as the starting point for Rel-18 UL 8Tx fully-coherent codebook. When considering the single panel UE, the uniform linear array with (N1,N2) = (4,1) and uniform planar array with (N1,N2) = (2,2) are two typical antenna layouts as illustrated in Fig 1.


[bookmark: _Ref131599183]Fig 1 Antenna layouts for 8Tx UE.
In RAN1#113 meeting [5], there is no consensus to support any optional over-sampling ratio, as a result, the Rel-15 DL Type I 8Tx codebook only with (N1,N2,O1,O2) = (4,1,1,1) and (2,2,1,1) are supported. Table 1 lists the number of codewords of different configuration parameters.
[bookmark: _Ref142403723][bookmark: _Ref142403720]Table 1 Number of codewords.
	Configuration
parameters
	Number of codewords

	(N1,N2,O1,O2)
	Rank=1
	Rank=2
	Rank=3
	Rank=4
	Rank=5
	Rank=6
	Rank=7
	Rank=8
	Total

	(4,1,1,1)
	16
	32
	24
	24
	8
	8
	4
	4
	120

	(2,2,1,1)
	16
	32
	24
	24
	8
	8
	8
	8
	128



However, based on the comment from Qualcomm in FL summary [6], there are duplicated codewords (with only shifted columns) when different indices (i11, i12, i13, and i2) are configured. In this contribution, we list the duplicated codewords in Table 2-Table 5. Here, notations ‘x’ and ‘o’ denote that the corresponding codewords are duplicated or not, and the duplicated codewords should be removed from the Rel-18 UL 8Tx fully-coherent codebook.
[bookmark: _Ref142403903]Table 2 Duplicated codewords for (N1,N2,O1,O2) = (4,1,1,1) and Rank=4
	(N1,N2,O1,O2)=(4,1,1,1) and Rank=4

	Codewords index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	i11
	0
	1
	2
	3

	i12
	0

	i13
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2

	i2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	Duplication
or not
	o
	o
	o
	o
	o
	o
	o
	o
	o
	o
	x
	x
	o
	o
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	The index duplicated with
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1
	2
	-
	-
	3
	4
	7
	8
	5
	6
	9
	10
	13
	14

	Number of duplicated codewords
	12



Table 3 Duplicated codewords for (N1,N2,O1,O2) = (4,1,1,1) and Rank=8
	(N1,N2,O1,O2)=(4,1,1,1) and Rank=8

	Codewords index
	1
	2
	3
	4

	i11
	0
	1

	i12
	0

	i2
	0
	1
	0
	1

	Duplication or not
	o
	o
	x
	o

	The index duplicated with
	-
	-
	1
	-

	Number of duplicated codewords
	1



Table 4 Duplicated codewords for (N1,N2,O1,O2) = (2,2,1,1) and Rank=4
	(N1,N2,O1,O2)=(2,2,1,1) and Rank=4

	Codewords index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	i11
	0
	1

	i12
	0
	1
	0
	1

	i13
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2

	[bookmark: _Hlk142400302]i2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	Duplication
or not
	o
	o
	o
	o
	o
	o
	o
	o
	x
	x
	o
	o
	x
	x
	o
	o
	x
	x
	x
	x
	x
	x
	x
	x

	The index duplicated with
	-
	-
	-
	-
	-
	-
	-
	-
	3
	4
	-
	-
	1
	2
	-
	-
	11
	18
	7
	8
	15
	15
	5
	6

	Number of duplicated codewords
	12



[bookmark: _Ref142403906]Table 5 Duplicated codewords for (N1,N2,O1,O2) = (2,2,1,1) and Rank=8
	(N1,N2,O1,O2)=(2,2,1,1) and Rank=8

	Codewords index
	1
	2
	3
	4
	5
	6
	7
	8

	i11
	0
	1

	i12
	0
	1
	0
	1

	i2
	0
	1
	0
	1
	0
	1
	0
	1

	Duplication or not
	o
	o
	x
	o
	x
	o
	x
	o

	The index duplicated with
	-
	-
	1
	-
	1
	-
	1
	-

	Number of duplicated codewords
	3



[bookmark: _Hlk142406214]By removing the duplicated codewords, Table 6 illustrates the number of codewords of different configuration parameters with/without the duplicated codewords.
[bookmark: _Ref142404129][bookmark: _Ref142404125]Table 6 Number of codewords with/without the duplicated codewords.
	Configuration parameters
	Number of codewords

	(N1,N2,O1,O2)
	Rank=1
	Rank=2
	Rank=3
	Rank=4
	Rank=5
	Rank=6
	Rank=7
	Rank=8
	Total

	(4,1,1,1) 
w/ duplication
	16
	32
	24
	24
	8
	8
	4
	4
	120

	(4,1,1,1) 
w/o duplication
	16
	32
	24
	12
	8
	8
	4
	3
	107

	(2,2,1,1) 
w/ duplication
	16
	32
	24
	24
	8
	8
	8
	8
	128

	(2,2,1,1) 
w/o duplication
	16
	32
	24
	12
	8
	8
	8
	5
	113



[bookmark: _Ref142667370]Observation 1: The total number of codewords for (N1,N2,O1,O2) = (4,1,1,1) is 107 when removing the 12 duplicated codewords for rank-4 and 1 duplicated codeword for rank-8 codebooks. The total number of codewords for (N1,N2,O1,O2) = (2,2,1,1) is 113 when removing the 12 duplicated codewords for rank-4 and 3 duplicated codewords for rank-8 codebooks.
[bookmark: _Ref142671752]Proposal 1: For Rel-18 UL 8Tx fully-coherent codebook, support NR Rel-15 single panel DL Type I codebook with removing the duplicated codewords. The cardinality of Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) and (2,2) are 107 and 113, respectively.

Partially-coherent codebook
Partially-coherent codebook with Ng=2
In the previous RAN1 meetings [3][5][7], the following agreements and remaining issues have been made on Rel-18 UL 8Tx partially-coherent codebook with Ng=2.
	Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)



Agreement
Confirm the Working Assumption with revision,
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	[(2,3), (3,2)]

	6
	· 
	(3,3)

	7
	· 
	[(3,4), (4,3)]


The part in square brackets is still working assumption
Note: At least one permutation will be selected in RAN1#114.

Remaining Issues
· Partially-coherent CB-based precoding (Ng=2, 4)
· Precoder selection for the agreed layer-splitting cases
Note: There is not an agreed value for the PC codebook size. However, to have a reasonable design, the sizes of FC and NC codebooks, i.e., 128 and 255, should be considered as a guidance.




	Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used




[bookmark: OLE_LINK13]In the FL summary [7], the FL recommended that the sizes of fully-coherent and non-coherent codebooks, i.e., 128 and 255, should be considered as a guidance for the partially-coherent codebook size. In Rel-15 UL 4Tx fully-coherent codebook, the number of codewords for rank 1-4 is 16, 8, 4, and 2, respectively. Based on the size of Rel-15 UL 4Tx fully-coherent codebook and the rank splitting with Ng=2, Table 7 shows the number of Rel-18 UL 8Tx partially-coherent codebook with Ng=2. When considering the rank splitting (3,2) and (4,3), the number of codewords is 736, while the number of codewords is 696 when removing the rank splitting (3,2) and (4,3).
[bookmark: _Ref134609928]Table 7 Number of Rel-18 UL 8Tx partially-coherent codewords with Ng=2.
	Number of ranks
	Number of codewords
	Rank splitting
	Number of codewords
for each rank splitting

	Rank=1
	32
	(1,0)
	16

	
	
	(0,1)
	16

	Rank=2
	272
	(2,0)
	8

	
	
	(0,2)
	8

	
	
	(1,1)
	16*16=256

	Rank=3
	264
	(3,0)
	4

	
	
	(0,3)
	4

	
	
	(1,2)
	16*8=128

	
	
	(2,1)
	16*8=128

	Rank=4
	68
	(4,0)
	2

	
	
	(0,4)
	2

	
	
	(2,2)
	8*8=64

	Rank=5
	64
	(2,3)
	8*4=32

	
	
	(3,2)
	8*4=32

	Rank=6
	16
	(3,3)
	4*4=16

	Rank=7
	16
	(3,4)
	4*2=8

	
	
	(4,3)
	4*2=8

	Rank=8
	4
	(4,4)
	2*2=4

	Total number of codewords with (3,2) and (4,3)
	736

	Total number of codewords without (3,2) and (4,3)
	736-32-8=696



Since the size of Rel-18 UL 8Tx non-coherent codebook is 255, the target size of Rel-18 UL 8Tx partially-coherent codebook with Ng=2 can be designed as 256, i.e., 8 bits signaling overhead. To reduce the size of Rel-18 UL 8Tx partially-coherent codebook with Ng=2, an efficient method is to reduce the candidate of Rel-15 UL 4Tx fully-coherent codebook. For example, if we select only 8, 4, 2, and 1 Rel-15 UL 4Tx fully-coherent codewords with rank=1-4, the size of Rel-18 UL 8Tx partially-coherent with Ng=2 can be significantly reduced from 736 to 199 (when considering the (3,2) and (4,3) rank splitting).
[bookmark: _Ref142667374]Observation 2: A subset of Rel-15 UL 4Tx fully-coherent codebook can be selected to reduce the size of Rel-18 UL 8Tx partially-coherent codewords with Ng=2.
Let M1, M2, M3, and M4 denote the size of selected Rel-15 UL 4Tx fully-coherent codebook with rank=1, 2, 3, and 4, respectively. Table 8 illustrates the size of Rel-18 UL 8Tx partially-coherent codebook with Ng=2 and different (M1,M2,M3,M4), where the rank splitting combination with/without (3,2) and (4,3) are considered.
[bookmark: _Ref142464709]Table 8 Size of Rel-18 UL 8Tx partially-coherent codebook with Ng=2 and different (M1,M2,M3,M4).
	(M1,M2,M3,M4)
	(8,4,2,1)
	(9,4,2,1)
	(10,4,2,1)
	(8,5,2,1)
	(8,6,2,1)
	(8,4,3,1)
	(8,4,4,1)

	w (3,2) and (4,3)
	199
	226
	255
	230
	263
	216
	235

	w/o (3,2) and (4,3)
	189
	216
	245
	218
	249
	201
	215

	(M1,M2,M3,M4)
	(8,4,2,2)
	(9,5,2,1)
	(9,4,3,1)
	(9,4,2,2)
	(8,5,3,1)
	(8,5,2,2)
	(8,4,3,2)

	w (3,2) and (4,3)
	208
	259
	243
	235
	249
	239
	227

	w/o (3,2) and (4,3)
	196
	247
	228
	223
	231
	225
	209

	(M1,M2,M3,M4)
	(9,4,3,2)
	(8,5,3,2)
	(10,4,2,2)
	(8,6,2,2)
	(9,4,4,1)
	(8,5,4,1)
	(8,4,4,2)

	w (3,2) and (4,3)
	254
	260
	264
	272
	262
	270
	248

	w/o (3,2) and (4,3)
	236
	239
	252
	256
	242
	246
	224



To minimize the number of reserved codepoints when targeting 8 bits, we can choose (M1,M2,M3,M4) = (10,4,2,1), i.e., the suggested number of selected Rel-15 UL 4Tx fully-coherent codewords for rank=1-4 is 10, 4, 2, and 1, respectively. The rank splitting (3,2) and (4,3) can also be supported to adapt to different channel conditions. The size of the Rel-18 UL 8Tx partially-coherent codewords with Ng=2 can thus be designed as 255.
[bookmark: _Ref142671756]Proposal 2: Support of [(2,3), (3,2)] and [(3,4), (4,3)] as combinations of layer splitting for rank=5 and rank=7, respectively.
[bookmark: _Ref142671760]Proposal 3: For Rel-18 UL 8Tx partially-coherent codebook with Ng=2, suggest to select a subset of Rel-15 UL 4Tx fully-coherent codebook, and the suggested number of Rel-15 UL 4Tx fully-coherent codewords for rank=1-4 are 10, 4, 2, and 1, respectively.
In this case, as shown in Table 9, the size of Rel-18 UL 8Tx partially-coherent codebook with Ng=2 can be reduced from 736 to 255, with 8 bits signalling overhead.
[bookmark: _Ref142551316][bookmark: _Ref142551312]Table 9 Reduced size of Rel-18 UL 8Tx partially-coherent codebook with Ng=2.
	Number of ranks
	Number of codewords
	Rank splitting
	Number of codewords
for each rank splitting

	Rank=1
	20
	(1,0)
	10

	
	
	(0,1)
	10

	Rank=2
	108
	(2,0)
	4

	
	
	(0,2)
	4

	
	
	(1,1)
	10*10=100

	Rank=3
	84
	(3,0)
	2

	
	
	(0,3)
	2

	
	
	(1,2)
	10*4=40

	
	
	(2,1)
	4*10=40

	Rank=4
	18
	(4,0)
	1

	
	
	(0,4)
	1

	
	
	(2,2)
	4*4=16

	Rank=5
	16
	(2,3)
	4*2=8

	
	
	(3,2)
	2*4=8

	Rank=6
	4
	(3,3)
	2*2=4

	Rank=7
	4
	(3,4)
	2*1=2

	
	
	(4,3)
	1*2=2

	Rank=8
	1
	(4,4)
	1*1=1

	Total number of codewords
	255



What’s more, there is an FFS on whether all the layers for each CW is mapped to only one antenna group for rank>4. Based on the DL Rel-15 codeword to layer mapping rule, when rank=5 and the rank splitting is (3,2), the first codeword is mapped to the 1-2 layers (the first antenna group), and the second codeword is mapped to the 3-5 layers (the first and the second antenna group). There is no need to map all the layers for each CW to only one antenna group if the DL Rel-15 codeword to layer mapping rule is followed.
[bookmark: _Ref142671764]Proposal 4: Following the DL Rel-15 codeword to layer mapping rule, do not support that all the layers for each CW is mapped to only one antenna group for rank>4.
Next, we discuss how to down-select Rel-15 UL 4Tx fully-coherent codewords for each rank. One way is to minimize the cosine similarity between each codeword so that the space can be covered more completely. Let’s take Rel-15 UL 4Tx rank=1 fully-coherent codebook as an example. With a close observation at Table 10, this codebook can be divided into the following 4 equivalent subsets.
· 
: The union set of TPMI={12,14,20,22}.
· 
: The union set of TPMI={13,15,21,23}.
· 
: The union set of TPMI={16,18,24,26}.
· 
: The union set of TPMI={17,19,25,27}.


In each subset, the codewords are orthogonal to each other. We then compute the cosine similarity between each subset, (between TPMI=12 and TPMI={13,16,17}), i.e., , , and . The union set of  and  can thus be selected due to the minimum cosine similarity.
Fig 2 illustrates the performance of Rel-18 UL 8Tx partially-coherent codebook with Ng=2 when the number of ranks is fixed as 2. The partially-coherent codebook using all the Rel-15 UL 4Tx rank=1 fully-coherent codewords with size 16 is provided as the benchmark. From this figure we can obtain that the proposed method with size 8 achieves similar performance as the benchmark and outperforms the leaped-step selection method also with size 8.
[image: ]
[bookmark: _Ref142468655]Fig 2 Performance of Rel-18 UL 8Tx partially-coherent codebook with Ng=2.
To obtain 10 codewords, TPMI={13,15} (orthogonal to each other) can also be selected. Then 10 of 16 Rel-15 UL 4Tx rank=1 fully-coherent codewords can be selected, i.e., TPMI={12,13,14,15,17,19,20,22,25,27}. Similar with rank=1, we can also select 4, 2, and 1 codewords for rank=2-4 based on the same principle. According to the above analysis, the following codewords can be selected for rank=1-4 as highlighted in Table 10-Table 13.
[bookmark: _Ref142468048]Table 10 Rel-15 UL 4Tx rank=1 fully-coherent codebook.
	TPMI index
	W (ordered from left to right in increasing order of TPMI index)

	12 – 19
	

	

	

	

	

	

	

	


	20 – 27
	

	

	

	

	

	

	

	




Table 11 Rel-15 UL 4Tx rank=2 fully-coherent codebook.
	TPMI index
	W (ordered from left to right in increasing order of TPMI index)

	14 – 17
	

	

	

	


	18 – 21
	

	

	

	




Table 12 Rel-15 UL 4Tx rank=3 fully-coherent codebook.
	TPMI index
	W (ordered from left to right in increasing order of TPMI index)

	3 – 6
	

	

	

	




[bookmark: _Ref142468050]Table 13 Rel-15 UL 4Tx rank=4 fully-coherent codebook.
	TPMI index
	W (ordered from left to right in increasing order of TPMI index)

	3 – 4
	

	




Based on the above analysis and evaluation, we have the following proposal.
[bookmark: _Ref142671767]Proposal 5: For Rel-18 UL 8Tx partially-coherent codebook with Ng=2, the following codebook subset(s) are suggested, resulting total 255 codewords with Rel-15 UL 4Tx fully-coherent codebook.
· Rank=1: 10 codewords with TPMI indices {12 13 14 15 17 19 20 22 25 27}
· Rank=2: 4 codewords with TPMI indices {14 17 18 21}
· Rank=3: 2 codewords with TPMI indices {3 5}
· Rank=4: 1 codeword with TPMI index {3}

Partially-coherent codebook with Ng=4
In the previous RAN1 meetings [4][5][7], the following agreements have been made on Rel-18 UL 8Tx partially-coherent codebook with Ng=4.
	Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	·  

	2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	·  

	2
	· 
	Transmission by 2 of the 4 antenna groups:
(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)

	4
	·  
	(1,1,1,1)

	4
	· 
	Transmission by 2 of the 4 antenna groups:
(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)

	8
	·  
	(2, 2, 2, 2)


Note: Above is not relevant to how precoders are indicated.

Agreement
For partially coherent uplink precoding by an 8TX UE, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,0,2,1), (0,2,2,1),  
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,0,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1)

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2)







	Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction

Remaining Issues
· Partially-coherent CB-based precoding (Ng=2, 4)
· Precoder selection for the agreed layer-splitting cases
Note: There is not an agreed value for the PC codebook size. However, to have a reasonable design, the sizes of FC and NC codebooks, i.e., 128 and 255, should be considered as a guidance.




In the FL summary [7], the FL recommended that the sizes of fully-coherent and non-coherent codebooks, i.e., 128 and 255, should be considered as a guidance for the partially-coherent codebook size. In Rel-15 UL 2Tx fully-coherent codebook, the number of codewords is 4 and 2 for number of ranks is 1 and 2, respectively. Based on the size of Rel-15 UL 2Tx fully-coherent codebook and the rank splitting, Table 14 shows the size of Rel-18 UL 8Tx partially-coherent codebook with Ng=4, i.e., 992 codewords.
[bookmark: _Ref142470507]Table 14 Size of Rel-18 UL 8Tx partially-coherent codebook with Ng=4.
	Number of ranks
	Number of codewords
	Rank splitting
	Number of codewords
for each rank splitting

	Rank=1
	16
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	4+4+4+4=16

	Rank=2
	104
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	2+2+2+2=8

	
	
	(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)
	4*4*6=96

	Rank=3
	304
	(2,1,0,0), (2,0,1,0), (2,0,0,1),
(0,2,1,0), (0,2,0,1), (0,0,2,1)
	4*2*6=48

	
	
	(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
	4*4*4*4=256

	Rank=4
	280
	(1,1,1,1)
	4*4*4*4=256

	
	
	(2,2,0,0), (2,0,2,0), (2,0,0,2),
(0,2,2,0), (0,2,0,2), (0,0,2,2)
	2*2*6=24

	Rank=5
	160
	(2,0,2,1), (0,2,2,1)
	2*2*4*2=32

	
	
	(1,1,2,1)
	4*4*4*2=128

	Rank=6
	80
	(2,2,2,0), (2,0,2,2)
	2*2*2*2=16

	
	
	(2,1,2,1)
	2*4*2*4=64

	Rank=7
	32
	(2,1,2,2)
	2*2*2*4=32

	Rank=8
	16
	(2,2,2,2)
	2*2*2*2=16

	Total number of codewords
	992



Since the size of Rel-18 UL 8Tx non-coherent codebook is 255, the target size of Rel-18 UL 8Tx partially-coherent codebook with Ng=4 can be designed as 256, i.e., 8 bits signaling overhead. To reduce the size of Rel-18 UL 8Tx partially-coherent codebook with Ng=4, the efficient method is to reduce the candidate of Rel-15 UL 2Tx fully-coherent codebook.
[bookmark: _Ref142667378]Observation 3: A subset of Rel-15 UL 2Tx fully-coherent codebook can be selected to reduce the number of Rel-18 UL 8Tx partially-coherent codewords with Ng=4.
Let K1 and K2 denote the number of Rel-15 UL 2Tx fully-coherent codewords of rank=1 and 2, respectively. Table 15 illustrates the size of Rel-18 UL 8Tx partially-coherent codebook with Ng=4 and different (K1,K2).
[bookmark: _Ref142470879]Table 15 Size of Rel-18 UL 8Tx partially-coherent codebook with Ng=4 and different (K1,K2).
	(K1,K2)
	(4,2)
	(4,1)
	(3,2)
	(3,1)
	(2,2)
	(2,1)

	Number of codewords
	992
	753
	493
	331
	232
	123



When targeting 8 bits, we can choose (K1,K2) = (2,2). The size of the Rel-18 UL 8Tx partially-coherent codebook with Ng=4 can thus be designed as 232.
[bookmark: _Ref142671771]Proposal 6: For Rel-18 UL 8Tx partially-coherent codebook with Ng=4, suggest to select a subset of Rel-15 UL 2Tx fully-coherent codebook, and the suggested number of Rel-15 UL 2Tx fully-coherent codewords for rank=1 and 2 are 2 and 2, respectively.
In this case, as shown in Table 16, the size of Rel-18 UL 8Tx partially-coherent codebook with Ng=4 can be reduced from 992 to 232.
[bookmark: _Ref142471046]Table 16 Reduced size of Rel-18 UL 8Tx partially-coherent codebook with Ng=4.
	Number of ranks
	Number of codewords
	Rank splitting
	Number of codewords 
for each rank splitting

	Rank=1
	8
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	2+2+2+2=8

	Rank=2
	32
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	2+2+2+2=8

	
	
	(1,1,0,0), (1,0,1,0), (1,0,0,1),
(0,1,1,0), (0,1,0,1), (0,0,1,1)
	2*2*6=24

	Rank=3
	56
	(2,1,0,0), (2,0,1,0), (2,0,0,1),
(0,2,1,0), (0,2,0,1), (0,0,2,1)
	2*2*6=24

	
	
	(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
	2*2*2*4=32

	Rank=4
	40
	(1,1,1,1)
	2*2*2*2=16

	
	
	(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)
	2*2*6=24

	Rank=5
	32
	(2,0,2,1), (0,2,2,1)
	2*2*2*2=16

	
	
	(1,1,2,1)
	2*2*2*2=16

	Rank=6
	32
	(2,2,2,0), (2,0,2,2)
	2*2*2*2=16

	
	
	(2,1,2,1)
	2*2*2*2=16

	Rank=7
	16
	(2,1,2,2)
	2*2*2*2=16

	Rank=8
	16
	(2,2,2,2)
	2*2*2*2=16

	Total number of codewords
	232



Similar with Ng=2, the following codewords can be selected as highlighted in Table 17 and Table 18.
[bookmark: _Ref134696269][bookmark: _Ref134696265]Table 17 Rel-15 UL 2Tx rank=1 codebook.
	TPMI index
	W (ordered from left to right in increasing order of TPMI index)

	0 – 5
	

	

	[image: ]
	[image: ]
	[image: ]
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	-
	-



[bookmark: _Ref142471560]Table 18 Rel-15 UL 2Tx rank=2 codebook.
	TPMI index
	W (ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	



Fig 3 illustrates the performance of Rel-18 UL 8Tx partially-coherent codebook with Ng=4 when the number of ranks is fixed as 2. The Rel-18 UL 8Tx partially-coherent codebook using all the Rel-15 UL 2Tx rank=1 fully-coherent codebook with size 4 is provided as the benchmark. From this figure we can obtain that the proposed method achieves similar performance as the benchmark.
[image: ]
[bookmark: _Ref142471662]Fig 3 Performance of Rel-18 UL 8Tx partially-coherent codebook with Ng=4.
Based on the above analysis and evaluation, we have the following proposal.
[bookmark: _Ref142671797]Proposal 7: For Rel-18 UL 8Tx partially-coherent codebook with Ng=4, the following codebook subset(s) are suggested, resulting total 232 codewords with Rel-15 UL 2Tx fully-coherent codebook.
· Rank=1: 2 codewords with TPMI indices {2 3}
· Rank=2: 2 codewords with TPMI indices {1 2}

TPMI/TRI design
In the previous RAN1 meetings [2][4], the following agreements and FL proposal were made on TPMI/TRI design.
	Agreement
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
· Separate indication of TRI and TPMI
· Joint indication of TRI and TPMI

Agreement
For partially coherent 8TX precoding with Ng =2, the precoder is based on up to two full-coherent 4TX precoders. Down-select one of the following options for precoder indication,
· Option 3 – Up to two 4TX TPMIs are indicated,
· When two TMPIs are indicated, the first is applied on one of antenna group, and the second is applied on the other antenna group,
· FFS : details of TPMI indication when one antenna group is used
· Option 4 – A single 8TX TPMI is indicated
· Other options are not precluded

Proposal 6.1 - For TPMI indication of full-coherent codebook, support indication of a single field containing at least one of i1,1, i1,2, i1,3 and i2 values.
· FFS details related to range and applicability of each value.
· FFS whether the TRI is jointly indicated or separately.




Rel-18 UL 8Tx fully-coherent codebook
Another important issue for Rel-18 UL 8Tx fully-coherent codebook is the TPMI/TRI design, and the following two options can be considered.
· Option 1: Indication of a single field containing at least one of i1,1, i1,2, i1,3 and i2 values.
· Option 2: Joint indication of TRI and TPMI as legacy.
The benefits of joint indication of TRI and TPMI (Option 2) are listed as follows.
· First, considering the potential enhancement on Rel-18 UL 8Tx fully-coherent codebook, it is simple to introduce 21 (128-107) and 15 (128-113) codewords generated by Alt2a (based on Rel-15 UL 4Tx fully-coherent codebook) for (N1,N2)=(4,1) and (2,2), respectively, if joint indication of TRI and TPMI is used.
· Second, considering the full power mode 1 transmission, it is simple to introduce fully-coherent codewords into partially/non-coherent codebook if a unified solution (joint indication of TRI and TPMI) is used for fully/partially/non-coherent codebook (similar with the legacy Rel-15 mechanism).
· Third, Option 2 costs up to 7 bits for signalling. If Option 1 is supported, for example, when rank=3, we need 2 bits to indicate i11 and i12, 2 bits to indicate i13, and 1 bit to indicate i2. What’s more, additional 3 bits are needed to indicate the number of ranks, which results in 8 bits signalling overhead.
We thus support joint indication of TRI and TPMI by up to 7 bits for Rel-18 UL 8Tx fully-coherent codebook.
[bookmark: _Ref142671804]Proposal 8: For Rel-18 UL 8Tx fully-coherent codebook, joint indication of TRI and TPMI with up to 7 bits is preferred.

Rel-18 UL 8Tx partially-coherent codebook
Regarding the TPMI/TRI indication for Rel-18 UL 8Tx partially-coherent codebook, the following two options can be considered.
· Option 1: Up to two 4TX TPMIs or four 2TX TPMIs are indicated.
· Option 2: A single 8TX TPMI is indicated.
The benefits of joint indication of TRI and TPMI (Option 2) are listed as follows.
· First, for example, when one 4Tx TPMI is indicated for Ng=2 and rank=1, or when two 2Tx TPMI is indicated for Ng=4 and rank=3, the UE cannot identify which antenna group is activated. Some enhancement should be discussed.
· Second, considering the full power mode 1 transmission, it is simple to introduce fully-coherent codewords into partially-coherent codebook if a unified solution (joint indication of TRI and TPMI) is used for fully/partially/non-coherent codebook (similar with the legacy Rel-15 mechanism).
We thus support joint indication of TRI and TPMI by up to 8 bits for Rel-18 UL 8Tx partially-coherent codebook.
[bookmark: _Ref142671807]Proposal 9: For Rel-18 UL 8Tx partially-coherent codebook, joint indication of TRI and TPMI with up to 8 bits is preferred.

Rel-18 UL 8Tx non-coherent codebook
Regarding the TPMI/TRI indication for Rel-18 UL 8Tx non-coherent codebook, the following two options can be considered.
· Option 1: Use an 8-bit length bitmap.
· Option 2: Joint indication of TRI and TPMI as legacy.
The benefits of joint indication of TRI and TPMI (Option 2) are listed as follows.
· First, the signalling overhead of Option 2 is up to 8 bits. For example, when the maxRank is configured as 1 and 8, the signalling overhead is 3 and 8 bits, respectively. However, in Option 1, to implicitly indicate the TRI by the number of non-zero elements of bitmap, 8 bits are always used.
· Second, considering the full power mode 1 transmission, it is simple to introduce fully/partially-coherent codewords into non-coherent codebook if a unified solution (joint indication of TRI and TPMI) is used for fully/partially/non-coherent codebook (similar with the legacy Rel-15 mechanism).
We thus support joint indication of TRI and TPMI by up to 8 bits for Rel-18 UL 8Tx non-coherent codebook.
[bookmark: _Ref142671810]Proposal 10: For Rel-18 UL 8Tx non-coherent codebook, support joint indication of TRI and TPMI by up to 8 bits.

Unified solution for Rel-18 UL 8Tx partially-coherent codebook
Based on the above analysis, we support a unified solution for Rel-18 UL 8Tx fully/partially/non-coherent codebook, i.e., support joint indication of TRI and TPMI as legacy.
[bookmark: _Ref142671814]Proposal 11: For Rel-18 UL 8Tx fully/partially/non-coherent codebook, support joint indication of TRI and TPMI as legacy.

Full power operation
In the previous RAN1 meetings [4][5], the following agreements were made on full power transmission. In this section, we will discuss some details on full power Mode1 and Mode2.
	Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 

Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode1 with updates:
· To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used. 
· FFS: identification of precoders per rank / per Ng

Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode2 with updates:
· To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration

Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, following convention for assumption of port coherency scheme is used
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}
· For when Ng=4, following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}



Mode1
To enable the full power transmission for Mode1, the fully/partially-coherent codewords can be introduced into the partially/non-coherent codebook to obtain a new codebook subset.
Rel-18 UL 8Tx partially-coherent codebook with Ng=2
For partially-coherent UE with Ng=2, the relative phase can only be maintained in the coherent antenna port group, i.e., the first antenna port group with ports {0,1,4,5} and the second antenna port group with ports {2,3,6,7}. When (N1,N2) = (2,2), as shown in Table 19, the codewords with the same colour are essentially equivalent, however, the codewords with different colours exhibit different performance theoretically. When (N1,N2) = (4,1), as shown in Table 20, all the 16 codewords exhibit different performance theoretically.
[bookmark: _Ref142488712]Table 19 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (2,2) for 8Tx partially-coherent UE with Ng=2 and Rank=1.
	index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=1 and (N1,N2)=(2,2)

	[bookmark: _Hlk142487139]i11
	0

	i12
	0
	1

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	0-7
	

	

	

	

	

	

	

	


	i11
	1

	i12
	0
	1

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	8-15
	

	

	

	

	

	

	

	




[bookmark: _Ref142488714]Table 20 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) for 8Tx partially-coherent UE with Ng=2 and Rank=1.
	index
	[bookmark: OLE_LINK15]Rel-18 UL 8Tx fully-coherent codebook with Rank=1 and (N1,N2)=(4,1)

	i11
	0
	1

	i12
	0

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	0-7
	

	

	

	

	

	

	

	


	i11
	2
	3

	i12
	0

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	8-15
	

	

	

	

	

	

	

	




Based on this, we support the following proposal.
[bookmark: _Ref142671819]Proposal 12: For full power Mode1, 8Tx partially-coherent UE with Ng=2, new codebook subset includes,
· rank 1 i11={0,1,2,3}, i12={0}, and i2={0,1,2,3} defined in Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) (all the 16 precoders)
· rank 1 i11={0}, i12={0,1}, and i2={0,1,2,3} defined in Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (2,2) (8 precoders)

Rel-18 UL 8Tx partially-coherent codebook with Ng=4
For partially-coherent UE with Ng=4, the relative phase can only be maintained in the coherent antenna port group, i.e., the first antenna port group with ports {0,4}, the second antenna port group with ports {1,5}, the third antenna port group with ports {2,6}, and the fourth antenna port group with ports {3,7}. Different from Ng=2, the new codebook subset should be designed for rank 1-3 when Ng=4.
Rank=1
For both (N1,N2) = (2,2) and (4,1), as shown in Table 21 and Table 22, respectively, the codewords with the same colour are essentially equivalent, however, the codewords with different colours exhibit different performance theoretically.
[bookmark: _Ref142491212]Table 21 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (2,2) for 8Tx partially-coherent UE with Ng=4 and Rank=1.
	index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=1 and (N1,N2)=(2,1)

	i11
	0

	i12
	0
	1

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	0-7
	

	

	

	

	

	

	

	


	i11
	1

	i12
	0
	1

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	8-15
	

	

	

	

	

	

	

	




[bookmark: _Ref142491216]Table 22 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) for 8Tx partially-coherent UE with Ng=4 and Rank=1.
	index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=1 and (N1,N2)=(4,1)

	i11
	0
	1

	i12
	0

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	0-7
	

	

	

	

	

	

	

	


	i11
	2
	3

	i12
	0

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	8-15
	

	

	

	

	

	

	

	




Rank=2
For both (N1,N2) = (2,2) and (4,1), as shown in Table 23, the following two codewords can be introduced into the new codebook subset since all the codewords can be divided into two groups.
[bookmark: _Ref142491804]Table 23 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) and (2,2) for 8Tx partially-coherent UE with Ng=4 and Rank=2.
	index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=2 and (N1,N2) = (4,1) and (2,2)

	i11
	0

	i12
	0

	i13
	0

	i2
	0
	1

	0-1
	

	




Rank=3
For both (N1,N2) = (2,2) and (4,1), as shown in Table 24 and Table 25, the first two codewords for (N1,N2) = (2,2) and (4,1) are different, however, the third and fourth codewords for (N1,N2) = (2,2) and (4,1) are the same. Similar with full power Mode1 for Rel-15 UL 4Tx rank-1 CP-OFDM and DFT-S-OFDM, we can choose the third and the fourth codewords for both (N1,N2) = (2,2) and (4,1).
[bookmark: _Ref142492576]Table 24 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (2,2) for 8Tx partially-coherent UE with Ng=4 and Rank=3.
	index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=3 and (N1,N2) = (2,2)

	i11
	0

	i12
	0

	i13
	0
	1

	i2
	0
	1
	0
	1

	0-3
	

	

	

	




[bookmark: _Ref142492578]Table 25 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) for 8Tx partially-coherent UE with Ng=4 and Rank=3.
	index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=3 and (N1,N2) = (2,2)

	i11
	0

	i12
	0

	i13
	0
	1

	i2
	0
	1
	0
	1

	0-3
	

	

	

	




Based on this, we support the following proposal.
[bookmark: _Ref142671824]Proposal 13: For full power Mode1, 8Tx partially-coherent UE with Ng=4, new codebook subset, includes
· rank 1 i11={0}, i12={0}, and i2={0,1,2,3} defined in Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) and (2,2) (4 precoders)
· rank 2 i11={0}, i12={0}, i13={0}, and i2={0,1} defined in Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) and (2,2) (2 precoders)
· rank 3 i11={0}, i12={0}, i13={1}, and i2={0,1} defined in Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) and (2,2) (2 precoders)

Rel-18 UL 8Tx non-coherent codebook with Ng=8
For non-coherent UE with Ng=8, since the relative phase cannot be maintained between any two antenna port, it is reasonable to introduce one additional codeword for rank=1-7. When rank=1, the fully-coherent codeword can be used. When rank=2 and 3, the partially-coherent codeword with Ng=2 can be used. When rank=4, 5, 6, and 7, the partially-coherent codeword with Ng=4 can be used. We thus support the following proposal.
[bookmark: _Ref142671828]Proposal 14: For full power Mode1, 8Tx non-coherent UE with Ng=8, new codebook subset includes the following precoders
	Rank=1
	Rank=2
	Rank=3
	Rank=4

	
	
	
	

	Rank=5
	Rank=6
	Rank=7

	
	
	



Mode2
To enable the full power transmission for Mode2, the SRS resource configuration and TPMI groups should be considered.
Similar with Rel-15 full power Mode1, for 8Tx UEs, a maximum of 4 SRS resources are supported in Mode2 for usage set to ‘codebook’ in a set. What’s more, an SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.
[bookmark: _Ref142671841]Proposal 15: For 8Tx UEs configured with full power Mode2, a maximum of 4 SRS resources is supported for SRS resource set with usage set to ‘codebook’.
[bookmark: _Ref142671851]Proposal 16: For full power Mode2 and 8Tx UEs, an SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.
Besides SRS virtualization, the UE can also report the TPMI groups that can deliver full power transmission based on the PA architectures. In RAN1#111 meeting [2], the following typical PA architectures are considered. Based on the PA architectures, the TPMI groups can be defined for UE with Ng=2/4/8.
· P1=P2= …=P7= 14 dBm, P8= 23 dBm, i.e., only 1 PA can be used for full power transmission
· P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm, i.e., only 2 PAs can be used for full power transmission
· P1=P2= …= P8= 20 dBm, i.e., any 2 PAs can be used for full power transmission
· P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm, i.e., only 4 PAs can be used for full power transmission
· P1=P2= …= P8 = 17 dBm, i.e., any 4 PAs can be used for full power transmission
· P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm, i.e., only 6 PAs can be used for full power transmission
· P1=P2= … = P8≥ 15.3 dBm, i.e., any 6 PAs can be used for full power transmission
[bookmark: _Ref142671868]Proposal 17: The UE supported TPMI groups should be defined for Ng=2/4/8 separately according to applied PA architectures.

Conclusion
In this discussion, we provide our views on the SRI/TPMI enhancements on the 8Tx uplink transmission, our proposals are as follows:

Observation 1: The total number of codewords for (N1,N2,O1,O2) = (4,1,1,1) is 107 when removing the 12 duplicated codewords for rank-4 and 1 duplicated codeword for rank-8 codebooks. The total number of codewords for (N1,N2,O1,O2) = (2,2,1,1) is 113 when removing the 12 duplicated codewords for rank-4 and 3 duplicated codewords for rank-8 codebooks.
Observation 2: A subset of Rel-15 UL 4Tx fully-coherent codebook can be selected to reduce the size of Rel-18 UL 8Tx partially-coherent codewords with Ng=2.
[bookmark: _GoBack]Observation 3: A subset of Rel-15 UL 2Tx fully-coherent codebook can be selected to reduce the number of Rel-18 UL 8Tx partially-coherent codewords with Ng=4.

Proposal 1: For Rel-18 UL 8Tx fully-coherent codebook, support NR Rel-15 single panel DL Type I codebook with removing the duplicated codewords. The cardinality of Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) and (2,2) are 107 and 113, respectively.
Proposal 2: Support of [(2,3), (3,2)] and [(3,4), (4,3)] as combinations of layer splitting for rank=5 and rank=7, respectively.
Proposal 3: For Rel-18 UL 8Tx partially-coherent codebook with Ng=2, suggest to select a subset of Rel-15 UL 4Tx fully-coherent codebook, and the suggested number of Rel-15 UL 4Tx fully-coherent codewords for rank=1-4 are 10, 4, 2, and 1, respectively.
Proposal 4: Following the DL Rel-15 codeword to layer mapping rule, do not support that all the layers for each CW is mapped to only one antenna group for rank>4.
Proposal 5: For Rel-18 UL 8Tx partially-coherent codebook with Ng=2, the following codebook subset(s) are suggested, resulting total 255 codewords with Rel-15 UL 4Tx fully-coherent codebook.
Proposal 6: For Rel-18 UL 8Tx partially-coherent codebook with Ng=4, suggest to select a subset of Rel-15 UL 2Tx fully-coherent codebook, and the suggested number of Rel-15 UL 2Tx fully-coherent codewords for rank=1 and 2 are 2 and 2, respectively.
Proposal 7: For Rel-18 UL 8Tx partially-coherent codebook with Ng=4, the following codebook subset(s) are suggested, resulting total 232 codewords with Rel-15 UL 2Tx fully-coherent codebook.
Proposal 8: For Rel-18 UL 8Tx fully-coherent codebook, joint indication of TRI and TPMI with up to 7 bits is preferred.
Proposal 9: For Rel-18 UL 8Tx partially-coherent codebook, joint indication of TRI and TPMI with up to 8 bits is preferred.
Proposal 10: For Rel-18 UL 8Tx non-coherent codebook, support joint indication of TRI and TPMI by up to 8 bits.
Proposal 11: For Rel-18 UL 8Tx fully/partially/non-coherent codebook, support joint indication of TRI and TPMI as legacy.
Proposal 12: For full power Mode1, 8Tx partially-coherent UE with Ng=2, new codebook subset includes,
Proposal 13: For full power Mode1, 8Tx partially-coherent UE with Ng=4, new codebook subset, includes
Proposal 14: For full power Mode1, 8Tx non-coherent UE with Ng=8, new codebook subset includes the following precoders
Proposal 15: For 8Tx UEs configured with full power Mode2, a maximum of 4 SRS resources is supported for SRS resource set with usage set to ‘codebook’.
Proposal 16: For full power Mode2 and 8Tx UEs, an SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.
Proposal 17: The UE supported TPMI groups should be defined for Ng=2/4/8 separately according to applied PA architectures.
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Appendix
[bookmark: _Ref127179891]Table 26 EVM for performance evaluation.
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 kHz

	System bandwidth
	20 MHz

	Scheduled PRBs
	50 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
	(2,2,2,1,1,2,2) with (dH, dV) = (0.5, 0.5)λ

	UE TX antenna configuration (N1,N2)
	(4,1) with 0.5λ

	UE speed
	3 km/h

	Number of Layers
	Fixed

	Modulation
	QPSK

	Code Rate
	0.4385

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-C (300ns)

	Receiver
	MMSE
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